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Skin Sensitization

B Allergic Contact Dermatitis:

e occurs due to the presence of allergen-specific T cells in the
circulation (sensitisation)

e allergen re-exposure induces recruitment of allergen-specific T
cells into the skin where they mediate an inflammatory response
(elicitation)

B To assure consumer safety, animal data (e.g. mouse local lymph node
assay) is currently used in risk assessment of skin sensitisation
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EU Cosmetics Directive
7th Amendment — March 2003

If the cosmetic product is to be marketed in the EU:

- alternative, non-animal tests must be used once validated
- animal testing and marketing bans on finished products
- animal testing and marketing bans on ingredients:
- from March 2009: tests for acute (local) effects
- from March 2013: more complex tests (including LLNA)

- threat to innovation and a major business risk
- challenge: market safe products without animal testing
- opportunity: apply new technologies in risk assessment
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Project Objectives

m Use data in the published literature to construct a computer-
based mathematical model of the induction of skin
sensitization

m Use this model to interrogate the biology and determine the
biological pathways having the greatest influence on the
endpoint (T-cell proliferation)

m Use this information to build a strategy for obtaining in vitro
assays that are predictive of the induction of skin sensitization
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Biological scope of in silico model

B Model covers biological pathways
required for sensitization induction

B Two main biological compartments

O = test chemical

Q = Langerhans’ cell
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Approach Overview

B Stage |: Qualitative platform design

Documentation of pathways
Knowledge gaps

B Stage Il: Quantitative platform development

Calibration experiments
Virtual patients

B Stage lll: Platform validation & exploration
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Validation experiments

Sensitivity analysis

Assay recommendations

Areas for additional platform development identified
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Skin Sensitization Induction PhysioLab Platform (SSIPP)
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Model development — stage |

e 496 papers used in mapping biological processes

B Types of information required
e Released cell mediators
e Regulated surface markers
e Regulators of T-cell proliferation

B |dentify knowledge gaps
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Competing Hypothesis: programmed vs.
progressive T-cell expansion

B Two competing theories of T-cell expansion

B Programmed hypothesis
e Single APC encounter triggers T-cell division ( )
e Quality of encounter determines the time spent in cell division

B Progressive hypothesis

e Repeated stimulation required to maintain cell division (Gett 2003,
Lanzavecchia 2002)

e Number of available APCs and the quality of the stimulation determines
the time spent in cell division

B Approach
e Implement and evaluate both mechanisms
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Cutting edge: CD4 and CD8 T cells are intrinsically different in their proliferative responses.

Foulds EE, Zenewicz LA, Shedlock DJ, Jiang J, Troy AE, Shen H

Department of Microbiology, Zchool of Idedicne, Tiversity of Pennsylvama, Philadelphia, PA 19104, TTEA %

In this study, we compared the proliferation and diferentiation of Ag-specific CDd and CDE T cells following Listena infection. Our results show that CDd T

cells respondmng to miection dinde a lrmted number of times, with progeny extubiting proliferative arrest m early diwisions. Even with mereased mfectious doses,

CD4 T cells display this restricted proliferative pattern and are not driven to undergo extensive clonal expansion. This is in striliing contrast to CDE T cells,
which underge extensive proliferation in response to nfection. These differences are also ewvident when CD4 and CDE T cells recerve umform ant-CD 3
stimulation i vitro, Together, these results suggest that CD4 and CDE T cells are programmed to undergo lrmted and extensive proliferation, respectively, to
suit their function as regulator and effector cells.
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Skin Sensitization Induction PhysioLab Platform (SSIPP)
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Model development — stage |l

B Quantitative Modelling

e The interactions of the biological system were
represented using mathematical equations (ordinary
differential equations)

B Model Calibration: published results from 35 key experiments
were replicated by the model including:

Epidermal cytokine production

Langerhans cell and T cell surface marker expression
Langerhans cell migration

Lymph node cytokine production
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Model Insights

B During calibration phase, model was unable to reproduce
published lymph node cell number data (example: 0.25%
DNCB exposure in LLNA shown)

Model under predicts
observed LN total cell

and T cell number % proliferating cells
30 —

8 ~~ ikh

\ CD4+ CD8+ \
{ \ Model over
predicts %

proliferating cells

(@)

Fold increase
I

N

o

Total cells Total T cells
@ SSP prediction with maximum proliferation setting

M Data from Gerberick 1999
B Data from Dearman 1999
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Modelling reveals new biological insights

Hypothesis 1: T cells must undergo > 7 proliferations in
sensitizer-induced responses.

Model required > 20 proliferations to match data

e Still over predicted % of proliferating cells

e No experimental evidence to support this hypothesis and
runs against infection data (approx. 5-6 proliferations)

Hypothesis 2: Increased recruitment of lymphocytes to the
lymph node supplements the total cell population

Does experimental evidence support this hypothesis?

<™ ENTELOS



Modelling reveals new biological insights

B Tedlaetal 1998. J. Immunol. 161. 5663-5672

e DNFB (sensitizer) exposure on skin induces mouse LN
chemokine production (MIP-1a/[3)

e Peripheral leukocyte numbers depleted by 50% at 30mins
after exposure

B Soderberg et al. 2005. PNAS. 45. 16315-16320

e TLR agonist intradermal exposure and Herpes Simplex
virus infection caused massive recruitment of naive
lymphocytes to LN.

e Most LN cells are non-proliferating (95%)

e Proposed mechanism is via vessel re-modelling: greatly
Increases LN cell turnover.
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New Insight: Cell recruitment to the lymph node

Hypothesis 2 implemented

Total LN cells 5 % proliferating cells
12 15
10 1
, 10 .
(f) O -
o 87 CD4+  CD8+
£ 61
% 4 N =
L
2 _ I
0 I I
Model implementation 0.05% OX 0.25% DNCB 50% HCA 5% ISO

with new hypothesis | > B SSP prediction with enhanced recruitment setting

[ Data from Gerberick 1999
O Data from Dearman 1999
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Skin Sensitization Induction PhysioLab Platform (SSIPP)
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Model development — stage Ill: validation process

B Goal: Ensure that the calibrated mechanisms together reproduce the
associated with chemical sensitization

e Demonstrate accurate prediction of T cell count and proliferation rate
e Demonstrate the ability to capture chemical properties and behaviors

B Approach: Implementation of 30 validation experiments from 15 papers

B Considerations:
e Protocol: standard & modified LLNA
e Outputs: Sl, relative LN composition, absolute cell numbers
e Other literature: supporting or inconsistent data
e Relevance: quantitative or qualitative match expected

B Qutcome:
e Complete agreement with 28/30 experiments
e Partial agreement with 2/30 experiments
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Model Sensitivity Analysis

H Aim:
e To evaluate relative contribution of individual pathways to

overall biological response (e.g. Max Ag-specific T cell
proliferation)

B Method:

e Controls — assigned control dose for prototypic
weak/moderate/strong sensitizers

e Experiments — vary model parameters to up/down-regulate
biological pathways

B Results:

e Record model predicted outcomes under control and perturbed
conditions — approx. 30,000 simulations performed

e Calculate fold change in outcome relative to control
e High fold change = high influence of pathway on response
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1714196564
7319260172
7749140239
85.07 462546
102. 7949856
117. 4150049
119.6859452
11462959525
104 5320234
1453592711
195.7560905
184.0506442
1831347231
B5.31804773

“alue at 5.2 days

4.82E-14
4 93E-14
1.70E-13
1.90E-12
257E-1
g.42E-10
2.78E-08
7. 32E-07
1.14E-05
0.0001 73063
0.0030354353
0177602645
1.434695045
1.861931757
1.878842556
J.01E-13

Yalue at 5.2 days

8.11E-14
8.16E-14
2.56E-13
2.75E-12
4.64E-11
1.47E-09

4. BEE-05
B.24E-07
g.41E-05
0.0001 257 46
0.002035215
022863252
1.693532041
2526639322
25648135965
4.73E-13

“alue at 5.2 days

14 4 v w[  Aqspecfic profiferation 4 LM Cellularity £ TRM % RP1.3--LLNA# 2 dose {2#day) (PM ¢/ RP1.3--LLN | |
Ready

1.86E-11
1.61E-11
4.80E-11
5.60E-10
7 .53E-09
1.27E-07
2.75E-05
E.41E-05
0.001137851
0.014026579
0.1394585659
0.635312663
0.545223081
0.5762465879
0.577 464520
212E-11

N

oA Key outputs oA |

COS+ T cell TCR + costim internal state LM
“alue at 5.2 days “alue
4 46E-11 —

4 51E-11

1.19E-10

1.30E-09

1.61E-08

2 A2E-07

4 51E-0B

8. 75E-05

0.001340279

0.015494343

0. 143765665

0. 589084166

0775397154

0813223898

0.8145345304

5.53E-11

il

TR



Virtual patient exploration revealed the sensitivity
analysis to be robust

B The same 14 pathways came up as most sensitive across all
virtual patients (ranking did change slightly)

B Biological knowledge gaps/variability explored in the virtual
patients does not materially affect the importance of the
sensitive pathways
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Areas for model development

Computational/Analysis

Enhanced sensitivity analysis (global)

Data generation

Epidermal cytokine profiles
Exposure parameters

Activated LC phenotypes
Number of naive reactive clones

Expansion of scope
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Increased KC/LC cross-regulation in epidermis
Expanded LC phenotype

Mechanisms of LN lymphocyte recruitment regulation
Memory T cell generation

<>

ENTEL O 5§°



Acknowledgements

B Unilever B Entelos
e Catherine Clapp e Seema Bajaria
e lan Jowsey Christina Friedrich
e David Lockley Katherine Kudrycki
e Gavin Maxwell Tom Paterson
Saroja Ramanujan
Greg Shaver

S
G2

%u

Unillover

<>

ENTEL O 5§°



References

B Foulds K.E., J. Immunol. 2006; 176(5):3037-43

B Soderberg K.A., Proc. Natl. Acad. Sci. U.S.A. 2005; 102(45):16315-20

B [Lanzavecchia A., Nat. Rev. Immunol. 2002; 2(12):982-7

B Gett AV, Nat. Immunol. 2003; 4(4):335-360

B Foulds K.E., J. Immunol. 2002; 168(4):1528-32

3
e

(Ta ey
ﬁf SHEH
u-ﬁf.;'-'

Unillover

<>

ENTEL O 5§°



	Mathematical modelling of skin sensitization:�Practicalities of the modelling process
	EU Cosmetics Directive 
	Biological scope of in silico model
	Skin Sensitization Induction PhysioLab Platform (SSIPP)
	Skin Sensitization Induction PhysioLab Platform (SSIPP)
	Modelling reveals new biological insights
	Skin Sensitization Induction PhysioLab Platform (SSIPP)

